INTRODUCTION
recently reported a genetic evaluation of 136 consanguineous families with presumed autosomal recessive intellectual disability using homozygosity mapping, exon enrichment, and next-generation sequencing. They found evidence of likely disease-causing genetic variants not previously associated with cognitive dysfunction in 50 families.
The family described here is one of the families in whom a novel variant was identified in a gene not previously thought to cause human disease (Family G001, Table II in that report). The initial report did not include the clinical details of the patients. Therefore, this report will describe in detail the phenotypes of four affected individuals in a single inbred family found to have a homozygous variant in the C12orf57 gene segregating with the syndrome [Najmabadi et al., 2011] .
MATERIALS AND METHODS
The family was followed and evaluated over a period of 12 years. The father signed informed consent for a phenotype-genotype correla-tion study approved by the Institutional Review Board of the College of Medicine, King Saud University, Riyadh, Saudi Arabia. This study adhered to the tenants of the Declaration of Helsinki.
The gene was identified utilizing homozygosity mapping, exon enrichment, and next-generation sequencing as described [Najmabadi et al., 2011] . Najmabadi et al. [2011] genotyped the three older siblings (V:2, V:3, and V:4) and three unaffected family members; the genotyping of the youngest affected family member (V:6) was performed later because of delayed development.
RESULTS

Clinical Evaluation
The pedigree is shown in Figure 1 . The parents of this family were second cousins and were neurologically and ophthalmologically normal. They had two unaffected children and four affected children who, when last examined, were 18 years old (Patient V:2), 16 years old (Patient V:3), 13 years old (Patient V:4), and 2 years old (Patient V:6).
Patient V:2
The proband was first examined in the Pediatric Neurology Clinic, King Khalid University Hospital, College of Medicine, King Saud University, Riyadh, at age 6 years because of psychomotor delay associated with nystagmus that had been observed at approximately 1 month of age. He was the product of an uneventful pregnancy and normal spontaneous vaginal delivery, and he had no major general medical problems except those related to vision and neurologic function. At age 9 months he had normal height (75 cm; 75th-90th centile), weight (10.4 kg; 90th centile), and head circumference (47.5 cm; 90th centile). He had developed relatively normally until approximately 1 year of age, but development slowed thereafter. Formal psychological assessment at the age of 2 years noted that gross motor development was delayed to the age of 10 months and language was equivalent to that of a 7-month-old.
He began to walk at age 4 years but lost that ability at age 14 years. He developed complex partial seizures at 10 years that were partially controlled with topiramate. Functional vision was relatively good during early childhood by report but gradually declined. He had severe impairment of cognitive functioning and adaptive behavior by age 16 years, as he could not indicate basic desires, had to be fed, produced only sounds without words, and occasionally laughed inappropriately. A cranial MRI scan performed at age 15 years showed agenesis of the corpus callosum, large lateral ventricles, medial hemispheric sulci extending into the third ventricle, and periventricular gray and white matter abnormalities (Fig. 2) . The left globe was small on neuroimaging with an internal appearance compatible with a complete retinal detachment ( Fig. 2F) . At this age, weight (37.3 kg; 10th centile) was relatively lower, although head circumference remained in the normal range (56.0 cm; 75th-90th centile). His height could not be accurately measured.
On neuro-ophthalmologic examination at age 18 years, he moved all four extremities spontaneously to a small extent, but he was spastic and hypertonic throughout with diffusely increased deep tendon reflexes. He could barely stand and take a few steps with assistance because of a spastic gait. He did not interact with his environment, had to be fed, and had no verbal communication. However, formal assessment of intelligence quotient could not be performed because of his severe cognitive impairment. He would rarely fixate on an object and respond to visual threat with his right eye but not the left eye. His right pupil was sluggishly reactive to light and his left pupil was unreactive, although he had no obvious afferent pupillary defect. He was slightly enophthalmic on the left with mild ptosis. The optic disk was normal on the right. However, the right eye had an inferonasal iris coloboma ( Fig. 3A) with an inferior chorioretinal coloboma and posterior staphyloma, while on the left he had microcornea with corneal scarring and a dense cataract that permitted no fundus view (Fig. 3B) . Extraocular motility was grossly full with a modest esotropia. He had small amplitude horizontal pendular nystagmus in both eyes that did not change significantly on lateral gaze to either side.
Patient V:3
This boy was the product of full term pregnancy and a vacuumassisted delivery followed by an uneventful perinatal period. He manifested delayed development from early life, sitting unassisted at 30 months and starting to walk at 3 years. He remained stable until approximately age 5 years, when he developed complex partial seizures that were managed with carbamazepine and topiramate. At age 5 years 8 months, his height was 101 cm (5th centile), weight 14.5 kg (10th centile) and head circumference 50 cm (25th-50th centile). He began a long cognitive and functional decline so that by the age of 6 years language production consisted merely of sounds. He could not even indicate his desires and had to be fed by his family. However, intelligence quotient could not be FIG. 1. Pedigree of the family described here, using standard pedigree symbols.
formally measured at this age because of his severe intellectual disability. He could walk with frequent tripping at that time, but by the age of 14 years he was only able to stand unassisted and walk with assistance from one room to another. Functional vision, which had been relatively good during early childhood, also gradually declined. A cranial MRI scan performed at age 13 years showed a thick corpus callosum (Fig. 2B) .
On neuro-ophthalmologic examination at age 16 years, he appeared awake and minimally responsive to his environment, but he was unable to speak. Weight (32.2 kg; 3rd centile) and head circumference (52.5 cm; 5th-10th centile) were both relatively low. He moved all four extremities with what appeared to be grossly normal strength. He had increased tone and deep tendon reflexes throughout. He was unable to fix on or follow an object with either eye, although he responded to visual threat with both eyes. He had a small inferior chorioretinal coloboma in the right eye ( Fig. 3C) , while on the left he had a large posterior staphyloma ( Fig. 3D ), but his optic disks appeared normal on dilated examination. His extraocular motility was grossly full with a modest, comitant esotropia. He had no nystagmus and saccades appeared normal.
Patient V:4
This girl was born at full term following a normal pregnancy and delivery and had an uneventful perinatal period. Early development was relatively normal, but she never spoke. She developed focal seizures 2-3 times per day at the age of 6 months, and her first EEG showed a right-sided focus with secondary generalization. Her epilepsy was eventually relatively well controlled on topiramate, with seizures occurring 1-2 times per week. Vision and functional ability began to decline at approximately age 3 years, at which time her height was 83 cm (5th centile), weight 9.8 kg (3rd centile), and head circumference 46.5 cm (10th-15th centile). When assessed at almost 4 years of age, she spoke no words and could stand only with support. A cranial MRI and MR angiography at the age of 9 years showed no abnormalities.
On neuro-ophthalmologic examination at age 13 years, she was unable to sit, walk, or talk, and seemed largely unreactive to her examiners or environment. She moved all four extremities with increased tone and deep tendon reflexes throughout. She was unable to fix on or follow an object in her visual field with either eye but had a moderate response to visual threat bilaterally. Pupils were normal in size and shape and reacted normally to light. Anterior globes were normal OU, and she had normal appearing optic discs and posterior poles bilaterally. Extraocular motility appeared full, and she was grossly orthophoric with no pathologic nystagmus. Saccades were normal.
Patient V:6
This boy was the product of a normal pregnancy and a normal full term spontaneous vaginal delivery with normal weight and Apgar scores. On pediatric neurology examination at the age of 1 year, he interacted well with examiner and family, but speech was confined to babbling sounds. He moved all extremities with normal tone and reflexes, but he was unable to sit or stand without assistance. Functional vision and ocular motility were grossly normal. At age 15 months his parents noted that he began to push on his right eye with one finger in a fashion typical of the oculodigital sign (Fig. 3E) ; however, they felt that his visual functioning remained normal bilaterally. He was admitted to hospital at the age of 2 years following his first grand mal seizure, but a thorough diagnostic evaluation at that time showed unchanged neurologic and ophthalmologic examinations. Height was 76.4 cm (3 rd centile), weight 10.4 kg (25th-50th centile), and head circumference 48.0 cm (25th-50th centile). An EEG was normal, but cranial MRI and MR angiography (Fig. 2C) showed dysgenesis of the corpus callosum with only the genu of corpus callosum remaining but with no other obvious malformation of the brain or its vasculature.
On neuro-ophthalmologic examination at approximately age 2 years, he was alert, cooperative, and interactive with family and examiners. He moved all four extremities and showed no abnormality of tone, power, or reflex, although he was able to sit unassisted but not stand. He was visually attentive and easily able to fix on and follow objects in front of him. He responded briskly to visual threat with both eyes. Pupils were normal in size and shape and reacted normally to light. Anterior globes were normal OU, and he had normal appearing optic discs and posterior poles bilaterally. Ocular motility was grossly full with no nystagmus. Saccades appeared normal. Table I summarizes clinical history and examination for all four  affected individuals, while Table II details testing results, including normal results for tests related to typical causes of developmental delay. Flash visual evoked potentials (VEPs) yielded substantially prolonged P100 values on all patients even though at least Patients V:4 and V:6 had normal globes, normal appearing optic disks, and grossly normal afferent visual systems on neuroimaging. Electroretinograms (ERGs) done with chloral hydrate sedation using flash stimuli monocularly were normal except for mildly abnormal latencies in one eye each of Patients V:3 and V:4 and a flat ERG in the phthisical left eye of Patient V:2.
Additional Clinical Testing
Genetic Results
Utilizing exome enrichment, exon enrichment, and nextgeneration sequencing, Najmabadi et al. [2011] identified a homozygous variant (c.1A > G; p.Met1Val) uncharacterized gene (ENST00000229281) in three affected members of the family (see Table II in [Najmabadi et al., 2011] ). This candidate mutation was heterozygous in the parents and not present in one unaffected sibling and 385 normal individuals. The youngest patient was subsequently documented to have the same homozygous variant after manifesting seizures. The gene is expressed mainly in the neurologic, visual, and cardiovascular systems according to the GENATLAS database (http://genatlas.medecine.univ-paris5.fr/).
Replacing methionine (Met) with valine (Val) in the initiation codon is expected to affect the translation initiation machinery [Kapp and Lorsch, 2004] . The SIFT database (http://sift.jcvi.org/) for analyzing the effect of the recognized sequence change on the protein structure and/or function predicted that this sequence change in the gene is damaging. The basic function of the C12orf57 is unknown.
DISCUSSION
This family had a syndrome inherited in an autosomal recessive pattern that included developmental abnormalities of the brain and, in some affected individuals, the eyes. All four affected children exhibited delayed motor and cognitive milestones, with walking occurring after the age of 3 years and speech never achieved in the three older children. Each child developed seizures during early childhood, and the three older children also had a progressive loss of functional ability beginning at 3-5 years with diffuse spasticity and poor interaction with the environment by the teenage years. Three of the children (V:2, V:3, and V:6) had malformations of the corpus callosum (Fig. 2) , while the two oldest boys (V:2 and V:3) also had malformations of the globes (Fig. 3) . Interestingly, the third child (V:4) had normal globes and a normal cranial MRI scan despite developmental delay, seizures, and a progressive, severe cognitive and visual decline, indicating that brain and eye malformations are not necessary for the neurodegenerative component of the syndrome. All four children were felt by their parents to have relatively normal vision during early childhood; however, vision declined after age 3-5 years along with cognitive function. The three oldest patients each had very poor functional vision when last examined at ages 18, 16, and 13 years, but the youngest patient had grossly normal vision at age 2 years. None had retinal pigmentary changes, and ERGs were normal in at least one eye of all affected individuals. The oldest boy (V:2) had clinically reduced vision in both eyes from early childhood, likely related to his iris and chorioretinal colobomas on the right and at least microcornea on the left, with congenital nystagmus noted during infancy. He had a blind, phthisical eye on the left when first examined ophthalmologically, quite likely secondary to a total retinal detachment associated with the developmental abnormality of that globe. Patient V:3 also had developmental abnormalities of both globes (chorioretinal coloboma on the right and posterior staphyloma on the left) but no ocular or funduscopic changes that explained progressive visual loss. The third child (V:4) was unable to fix and follow when examined at age 13 years despite normal globes and fundi. Only the youngest child (V:6) had normal functional vision, although he had the oculodigital sign (see Fig. 3E ) that may be a sign of visual impairment not yet clinically apparent. All four children had very delayed VEPs that quite likely imply involvement of the afferent visual system by the same progressive brain abnormality affecting cognitive function, although curiously this problem is not reflected in neuroimaging, ophthalmologic examination, or ERG.
The major phenotypic features of the present family include developmental abnormalities of the brain and eye with a progressive neurodegenerative process profoundly affecting both cognitive and visual function. The eye malformations included congenital colobomata, which can be seen in an array of syndromes where the ocular phenotype is associated with neurologic or craniofacial anomalies or developmental defects of other systems [GregoryEvans et al., 2004] . Within the autosomal recessive disorders, several of the features in the present family are shared with the Peters-plus syndrome (OMIM # 261540) caused by B3GALTL gene mutation [Reis et al., 2008; Aliferis et al., 2010; Bhandari et al., 2011] including ocular colobomas and brain developmental abnormalities that include mental retardation, seizures, and agenesis of the corpus callosum. However, patients with Peters-plus syndrome have characteristic dysmorphic features such as widely spaced eyes, upslanting palpebral fissures, thin vermilion border, cupid-bow shaped upper lip, and cleft lip and palate, none of which were apparent in this family. Moreover, patients with Peters-plus anomaly have rhizomelic short stature in addition to cardiac and/or genito-urinary anomalies, none of which were identified in the present family. Three of the dystroglycanopathies also feature significant ocular malformations associated with intellectual disability and/or epilepsy. These include Walker-Warburg syndrome [Manzini et al., 2008 [Manzini et al., , 2012 , muscle-eye-brain disease [Diesen et al., 2004] , and Fukuyama congenital muscular dystrophy [Yoshioka, 2009] . Each of these disorders has retinal colobomas in common with the present family. However, these three conditions are also associated with congenital muscular dystrophy and with abnormalities in neuronal migration (cobblestone lissencephaly or polymicrogyria) and dysplasia of the cerebellum (hypoplasia, cysts and/or polymicrogyria), none of which were present in the family reported here.
Another similar recessively inherited disease is congenital disorder of glycosylation type 1q (OMIM # 612379) caused by SRD5A3 mutation [Cantagrel et al., 2010] . This is characterized by colobomas and variable visual loss associated with developmental delay and cognitive impairment. However patients have, in contrast to the present cohort, characteristic dysmorphic features including widely spaced eyes, depressed nasal bridge, low-set ears, loose skin, and brachycephaly. They also have ichthiosiform dermatitis and endocrine abnormalities [Al-Gazali et al., 2008] , and manifest abnormalities in neuronal migration (frontal polymicrogyria) and cerebellar vermis hypoplasia, which were not seen in the present family.
The four affected members of this family may well represent a newly recognized progressive neurodegenerative syndrome with modest phenotypic variability that is likely to be inherited in an autosomal recessive pattern. These individuals all had a homozygous variant of C12orf57 in which the initial methionine was changed to a valine [Najmabadi et al., 2011] , an alteration that is predicted to affect both the expression of the gene and the action of the resultant protein [Kapp and Lorsch, 2004] . We hypothesize that this variant may explain the phenotype in these four patients, although confirmatory data are needed to prove that it is causal. The function of C12orf57 is not currently known [Najmabadi et al., 2011] , but the phenotype in this family may imply that it is important to developing and maintaining the brain and eyes. Identification of a likely responsible gene in only one affected family is a testimony to the power of next generation sequencing, but obviously additional affected patients and families must be identified to confirm the pathogenicity of C12orf57 and to further characterize both the clinical syndrome and the function of the gene.
